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Abstract 
The present study evaluates the energy release rate during the propagation of a crack in the presence of a dislocation 
in the vicinity of the crack’s tip. The problem is formulated using a composite material (glass) having an equivalent 
elasticity modulus and a Poisson ratio. In this research work, the proposed material is a square specimen with an 
edge crack and subjected to tensile stresses according to the mode 1 opening. It is shown throughout this study that 
by using a numerical approach such as FEM along with the software (ABAQUS), the stress field and stress intensity 
factor are determined for different crack’s length. Besides, energy release rate during crack propagation are 
calculated. Obtained results are compared and agreed with those determined by A. Irwin. 
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1. Introduction  
Evaluation of Energy Release Rate (ERR) at the time of interaction between the main crack and a surrounding 
dislocation in a composite material is the principal objective of this research work. This latest relies on the 
determination of the zones of stress concentration which can be generated at the time of this interaction. The stress 
fields and displacements of a dislocation nearby the main crack are formulated using the complex potentials of 
elasticity [1].The interaction between the crack main and dislocations is evaluated in terms of the Stress Intensity 
Factor (SIF) amplified or reduced acting at the crack’s tip. ERR is evaluated on the basis of a superposition of 
various energy release rates: the energy due to the main crack, the energy due to the dislocation and the energy due 
to the interaction. The problem of the interaction between the main crack and a surrounding dislocation is studied 
using a numerical approach which relies on the finite elements method (software ABAQUS) [2].This research is 
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composed of three parts: The first part is devoted to the modeling of a cracked material in the absence of a 
dislocation in the vicinity of the main crack. While varying the length of the crack, the stress fields, the SIF and the 
ERR are obtained. The second part consists of modeling a cracked material with a surrounding dislocation. In this 
case, by varying the distance between dislocation and the main crack, stress fields are obtained and compared with 
those of obtained in the case of absence of dislocation. Therefore, the presence of a dislocation near the main crack 
has a large influence on the propagation of the crack by either amplifying or by reducing the intensity of the stress 
fields at its tip. These phenomena can either accelerate or decelerate this propagation. The third part is devoted to 
the study on the evaluation of the rate of energy release during the interaction between the main crack and 
dislocations. This rate of the energy is given by the superposition of the various rates of energy such: Energy due to 
the propagation of the crack in absence of dislocation and energy due to the presence of this dislocation near the 
main crack. Finally, obtained results are compared with those determined by A. Irwin [3]. 
 
Nomenclature 
E         elasticity modulus  
Ȟ          Poisson’s ratio  
KI        first mode in fracture 
KII          second mode in fracture 
t           thickness of the model 
ܽ         crack’s length 
H         height of the specimen 
B         width of the specimen 
r            distance between main crack and dislocation 
ǻK      variation of stress intensity factor 
Kint      stress intensity factor of interaction between main crack and dislocation 
J           integral of Rice 
J0           energy release rate due to the propagation of a crack without a dislocation  
ǻJ       energy release rate generated by an existing dislocation 
JInt          energy release rate due to the crack – dislocation interaction 
ǻJ +     variation of energy release rate due to the amplification effect 
ǻJ -     variation of energy release rate due to the reduction effect 
2. Propagation of a crack without a nearby dislocation  
During the formation of a crack, a zone surrounding the initial crack is formed and where, a strong concentration of 
stress takes place. This zone is considered as being a zone with strong disturbance and commonly called a damage 
zone or fracture process zone[4]. A great number of researchers admit nowadays that the extension of a crack is 
considered in a small zone close to the face of the crack in which, it exists high stress and separations where the 
mechanics of continuous mediums does not admit[5]. On the other hand, around this zone, the remainder of the 
body whose behavior is elastic or plastic concerns the mechanics of the continuous mediums. 
2.1. Numerical analysis 
The proposed model is a square plate from where the height equals the width H = B = 60mm with a thickness of t =1 
mm. The problem is analysed by Finite Element Method using the software (ABAQUS). The model is mashed per 
square finite element where a = b = 2 mm[6]. The chosen material can be a composite material which is considered 
as a heterogeneous brittle material where the equivalent elasticity modulus is E = 70000 N/mm2 and a Poisson’s 
ratio ߭ ൌ ͲǤʹ corresponding to a glass. Taking into account boundary conditions, the proposed model is set along the 
Oy-axis which allows us to open the crack according to the mode I of rupture. Using numerical analysis, the stress 
fields are shown in the following cartographic Figures 1a and 1b. 
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Fig. 1. Cartographic showing stress fields; (a) values of stress  ߪଵଶ; (b) values of stress ߪଶଶ. 
 
Obtained results of stress field versus various crack’s lengths are given in the following Table 1. 
 
Table 1.Given numerical results of stress field for various crack’s length. 
 
 
 
 
 
 
 
2.3. Stress Intensity Factor (SIF) 
 
Stress fields found previously are characterized by SIF. These factors are considered essential parameters for the 
evaluation of the fracture strength of materials. They give information on the evolution of the crack propagation in 
materials through the state of the various stress fields generated during the cracking[7].These SIF can be expressed 
as follows [8]; 
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According to the values of the stresses (refer to Table 1), values of (SIF) function of various crack’s lengths are 
given in Table 2. 
 
Table 2. Numerical results of the stress intensity factor (SIF) function various crack’s lengths. 
 
Crack’s length a (mm) 0 5 10 15 20 25 30 
SIF (N/mm 3/2) numerical results 0 77.61 101.24 130.11 148.59 175.32 196.72 
SIF (N/mm 3/2) given by Irwin 0 79.25 112.07 137.26 158.5 177.2 194.11 
 
Previous results and values of Mode I stress intensity factors are shown in the following Fig. 2. 
 
 
Crack’s length a(mm) 0 5 10 15 20 25 30 
Stress ɛ11(N/mm2) 5.00 7.94 10.1 12.98 14.82 17.49 19.63 
Stress ɛ12(N/mm2) 0 18.13 26.91 38.21 46.09 56.34 64.04 
Stress ɛ22(N/mm2) 20 30.97 40.4 51.92 59.27 69.96 78.5 
a b 
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Fig. 2.Variation of Stress Intensity Factor (SIF) vs. crack’s length. 
3. Cracking  with a nearby dislocation 
The presence of a dislocation nearby a main crack in a composite material affects deeply the propagation of the 
crack.In this research work, the material (glass) has an edge crack with a dislocation in its vicinity and is subjected 
to a remote stress field. By varying the length between the main crack and a dislocation, the stress field, the stress 
intensity factor as well as the energy release rate are determined. 
3.1. Modeling of the crack with a nearby dislocation 
A representative model is proposed taking in consideration the existence of a dislocation in the vicinity of the main 
crack’s tip as in [2].In this case, a main crack of 15 mm is chosen and with various positions of a dislocation with 
respect to OX-axis. For each position of the dislocation, a stress field can be generated at the time of the interaction 
with the main crack. These stress fields are characterized by the Stress Intensity Factor (SIF) which enables us to 
evaluate the influence of the existing dislocation and its influence on the propagation of the main crack .For better 
understanding, another model is proposed with the same remote load and boundary conditions but without a nearby 
dislocation. Obtained results are compared for both models. 
3.2. Evaluation of stress field 
Stress fields are found for various positions of the dislocation with respect to the main crack. Using FEM method 
along with the software (ABAQUS). These stresses field are illustrated in the following cartographies Fig. 3a and 
3b. ; 
 
 
 
 
 
 
 
 
 
 
  
 
Fig. 3.Cartography of  stress ɛ22 : (a) Case of distance between main crack and dislocation (r = 30 mm) 
(b)Case of distance between main crack and dislocation (r= 20 mm) 
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3.2.1. Numerical results of the stress field 
Obtained stress fields for various positions of the dislocation with respect to the crack are summarized in the 
following Table 3,  
Table 3. Numerical Results of the stress fields function of various lengths between the crack and a nearby dislocation. 
 
Distance ݎሺ݉݉ሻ 45 40 35 30 25 20 15 10 5 0 
Stressߪଵଵ(N/mm2) 11.03 12.67 13.01 13.19 14 14.4 14.58 15.02 14.48 49.26 
Stress ߪଵଶ  (N/mm2) 31.75 37.69 38.11 38.09 38.58 38.67 39.09 40.33 36.3 56.65 
Stress ߪଶଶ  (N/mm2) 44.13 50.7 52.02 52.78 55.99 57.59 58.32 60.09 57.92 197 
3.3.  Stress intensity factor (SIF) 
For an existing dislocation nearby a crack andusing a digital processing, SIF is computed for various positions of the 
dislocation and the main crack. Obtained values are given in the Table 4 below; 
Table 4.Values of stress intensity factor (SIF) for various positions of a dislocation with respect to the main crack (݈ሺ݉݉ሻ. 
3.4. Dislocation’s  effect on the propagation of the main crack 
Existing dislocation nearby a crack affect the propagation of this latter. Variation of the stress intensity factor (ǻK) 
is thus determined by taking into account arbitrary positions of the dislocation with respect to the main crack. On the 
basis of these considerations, numerical calculation of plane stress enabled us to determine SIF generated at the time 
of the interaction between the main crack and a nearby dislocation [8].SIF (ǻK) is determined for the case where the 
existing dislocation interacts with the main crack (noted Kint).The following Table 5summarizes all values of SIF for 
various positions of the dislocation. 
Table 5.Obtained SIFs with existing dislocation nearby a main crack. 
 
4. Energy release rate during the cracking 
Energy Release Rate (ERR)is defined as being an energy released during the propagation of the crack. Several 
researchers used the principle of integral of Rice (J) [9] in order to study the evolution of the crack. According to 
Griffith [10], the rupture is a phenomenon consuming energy and the difference is between the energy state of the 
atoms before and after cracking. Irwin [3] opened the way with the application of elastic solutions and thus defined 
the brittle criterion of fracture based on a mathematical approach. 
 
 
Distance 
ݎሺ݉݉ሻ.  45 40 35 30 25 20 15 10 5 0 
SIF (ܰȀ݉݉
య
మ) 
110.5 9 
 127.05 130.36 132.27 140.31 144.32 146,15 150.58 145.15 493.68 
Distanceݎሺ݉݉ሻ    45 40 35 30 25 20 15 10 5 0 
K Int(N/mm 3/2) 110.59 127.05 130.36 132.27 140.31 144.32 146,15 150.58 145.15 493.68 
ȟ(N/mm 3/2) -19.52 -3.06 0.25 2.16 10.20 14.21 16.04 20.47 15.04 363.57 
ȟȀ -0.15 -0.02 00.00 0.02 0.08 0.11 0.12 0.16 0.12 2.79 
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4.1. Energy release rate without a  dislocation 
The homogeneity of materials in the direction of the X-axis is regarded as a basic assumption in the integral (J0).The 
latter is a measurement of the deformation at the end of the crack when integral contour(Ƚ) is taken sufficiently near 
the end of the crack. For linearly elastic materials, J0 can be connected to the stress intensity factor by a direct 
substitution of the singular solution in mode I in the case of plane stress, one has; 
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Using stress values (refer to Table 2), energy release rates are determined for the case of no existing dislocation. All 
values of ERR The values of this energy will be recapitulated in the following table: 
 
Table 6.Energy release rate function crack’s lengths. 
 
Length of main crack  ܽ (mm) 0 5 10 15 20 25 30 
J0 (joules) Numerical 0 0.086 0.146 0.242 0.315 0.439 0.552 
J0 (joules) theoretical  0 0.089 0.179 0.269 0.358 0.448 0.538 
Numerical and theoretical variation of ERR for various crack’s lengths are represented in the following Fig. 4; 
 
 
 
 
 
 
  
 Fig. 4. Variation of energy release rate vs. crack’s lengths. 
4.2. Energy release rate with existing dislocation (JInt)  
During an interaction between a crack and a nearby dislocation, the energy release rate noted by JInt can be written in 
the following form; 

ܬ௜௡௧ ൌ ܬ଴ ൅ οܬ                                                                                                                                                   (3) 
ERR due to the interaction (JInt) is based on the stresses found previously using the relations (2) and (3). Obtained 
values of ERR are summarized in Table 7 below; 
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Table 7.ERR vs. various positions of the dislocation with respect to the main crack. 
 
Distance ݎሺ݉݉ሻ 0 10 20 30 40 
JInt(Joules) 3.481 0.324 0.297 0.25 3.23 
Variation of ERR at the time of the interaction between the main crack and various positions dislocation with 
respect to the main crack is represented in Fig. 5. 
4.3. Variation of ERR  (ǻJ/J0) 
Existing dislocation in the vicinity of the main crack generates two effects: a positive and a negative effect. Then, 
Eq. (3) can be rewritten in the following form; 
ܬ௜௡௧ ൌ ൜
ܬ଴ ൅ οܬା
ܬ଴ ൅ οܬି
                                                                                                                                                  (4) 
Values of ERR generated by a nearby dislocation (ǻJ) are given in the following Table 8: 
Table 8.ERR due to the interaction (JInt) vs. various position of a dislocation with respect to the main crack. 
 
 
 
 
The variation of  ERR obtained previously (see Table 8) is represented in the following Fig. 5. 
 
 
Fig. 5.Variation ERR ( ǻJ/J0) vs. various positions of a dislocation with respect to the main crack r (mm) 
5. Results and discussion 
ERR is directly related to stress field and stress intensity factor. Notice that from the values of stress field in Table 1, 
that the stress fields (ɛ11, ɛ12, ɛ22) increase proportionally compared to the crack’s length a. It is also shown that the 
constraint ɛ22 is increasingly larger in values than the others stresses(ɛ11, ɛ12).On the other side, for a given crack’s 
length, values of the stress ɛ22 are found at the point of the crack that exceed the value of the pressure applied 
(estimated at about 20N/mm2).For various positions of the dislocation with respect to the main crack, stresses 
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Distance  ݎ(mm) 45 40 35 30 25 20 15 10 5 0 
ǻJ (Joules) -0.068 -0.012 00 0.008 0.039 0.055 0.063 0.081 0.058 3.24 
ǻJ/J0 -0.281 -0.05 00 0.033 0.161 0.227 0.26 0.335 0.239 13.38 
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increase and decrease compared to those found for the same model with no existing dislocation (see Tables 1 et 
3).Stress fields are characterized by a crucial parameter which is the stress intensity factor. In order to determine the 
influence of dislocation on the main crack, it is more judicious to find the stress intensity factors in the absence and 
in the presence of a dislocation. SIF values(Table 2)and SIF‘s variation versus crack’s length shown in Fig. 2 are 
similar to those found by Irwin. Besides, it is also proven that SIFs (found numerically and theoretically) increase at 
the same rate with respect to the crack‘s length. Plotted curves are collinear in the intervals of a crack’s length 
a߳ሾͲǡ Ͷሿ݉݉  and a߳ሾʹͶǡ ͵Ͳሿ݉݉. On the other hand, for an interval of a crack’s length a߳ሾͶǡ ʹͶሿ, there is a small 
shift between points of two curves. This latest is generated by the effect to the thickness of 1mm. Then, the 
theoretical analysis of Irwin considers the model in 2-D meaning no thickness is taken into consideration.The 
various rates of released energy were given in the case of the propagation of the crack in absence and in the presence 
of a dislocation in the vicinity of the main crack. It was noted that the existence of this dislocation in the vicinity of 
the crack influences largely the propagation of the crack either by an increase in its energy generating an 
acceleration of the propagation of the crack or by a reduction in energy causing a deceleration of the latter and can 
be neutral. These rates were the subject of a meticulous study because of the geometrical configuration of the entity 
formed by the crack, dislocation and their interactions while holding account the position of dislocation compared to 
the main crack. The existence of dislocation in crack tip, gave rise to two energies J0 and ǻJ consequently, generated 
two rather distinct effects: the amplifying effect and the effect of reduction. It is noted that the role of this 
dislocation is to delay or to accelerate the process of the propagation of the crack. In other words energy is defined 
in two forms: the positive energy ǻJ +;its role is to amplify the intensity of the constraints. the negative energy ǻJ-
;its role is to reduce the intensity of the stresses until the stop of the propagation of the crack. 
6. Conclusion  
In this research study, stress fields generated at the time of the interaction between an existing crack and a nearby 
dislocation are determined. Existing dislocation in the vicinity of a crack tip affects the propagation of the 
main.Therefore, problem of interactions between these two elements are analyzed using a numerical approach .In 
this research, two models of rupture have been proposed :one model with no dislocation nearby the crack and 
another model with an existing dislocation in the vicinity of the crack. The representative model is a composite 
material (glass) having an equivalent modulus of elasticity of E = 70000 N/mm2 and a Poisson's ratio ȣ = 0.2. This 
material is chosen because of its brittle behavior, its transparency and also for its availability. It is obvious that in the 
absence of a dislocation, stress intensity factor SIF depends on the crack’s length.SIF values agreed with those 
obtained by Irwin (refer to Fig. 2). Existing dislocation nearby a main crack and its various positions affects the 
propagation of the crack by either amplifying or reducing the stress field at the crack tip. 
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